Motivation: Surface-active 
Introduction
Protein-membrane interactions are an essential aspect of cellular biology. It is the inclusion of proteins within biomembranes that not only provides the semi-permeable nature of the membrane, but also provides specificity of function and the opportunity for intercellular communication. The interaction of protein segments and peptides with membranes is complex, since in addition to van der Waals forces there will be varying levels of electrostatic and hydrophobic interaction which stabilize the membraneprotein association (Cserhati and Szogyi, 1991) . For complex ' 3 To whom correspondence should be addressed macromolecules such as peptides, it is therefore insufficient to consider solely the overall hydrophobicity of the peptide sequence when considering the sequence's ability to interact at the membrane surface (Watts, 1995) . Furthermore, the peptide must exhibit a segregation of hydrophobic and hydrophilic residues in the final structure formed at the membrane interface. This allows the hydrophobic segment to interact with the membrane interior while the hydrophilic region interacts with the aqueous environment and the charged lipid head groups. This level of segregation is hard to detect by studying the primary sequence of the protein concerned. Schiffer and Edmundson (1967) were the first to provide a means of analysing amphiphilic structures via the use of a helical wheel diagram. This is a two-dimensional axial projection which is drawn assuming an ideal a helix with each successive residue 100° from its neighbour. This schematic representation suffers from two problems. The first is that it does not assign a numerical value to the level of amphiphilicity and the second is that the protein segment of interest must be identified prior to using the technique. Eisenberg's hydrophobic moment attempts to address these problems (Eisenberg et al., 1982a) . In this analysis, the hydrophobicity values are represented as vectors with positive values implying that the amino acid is hydrophobic. The vectors are then summed in two dimensions, assuming a periodic structure of period 8. For an idealized a helix, the period would again be 100°. The hydrophobic moment is used to measure the partitioning of hydrophobic and hydrophilic amino acids, and on the whole successfully performs this function (Eisenberg et al, 1986) . The hydrophobic moment has been used extensively in the literature (Eisenberg, 1984) , not only to identify potentially amphiphilic sequences, but in some cases to predict the structure most likely to form (Eisenberg et al, 1984a) . Furthermore, use has been made of the hydrophobic moment plot (Eisenberg et al, 1984b) to try and classify protein segments as either transmembrane (very hydrophobic with little amphiphilicity), surface active (very amphiphilic, therefore able to interact at the membrane interface) or globular (limited but variable hydrophobicity and amphiphilicity). On a hydrophobic moment plot, the hydrophobicity of a putative helical segment measures its affinity for the membrane interior, whereas its hydrophobic moment measures its structured partitioning of hydrophobic and 
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Mean hydrophobicity per residue 1.5 Fig. 1 . Hydrophobic moment plot. The plot represents the 11-residue fragments for each protein of interest which gave the maximum hydrophobic moment <T he co-ordinates are given in Table I . The numbered points correspond to: 1, PBP4; 2, PBP5; 3, PBP6; 4, B.stearothermophilus; 5, B.subtilis; 6, melittin. hydrophilic residues, and hence provides a measure of its amphiphilicity. However, the boundaries on the hydrophobic moment plot between surface-seeking, globular and transmembrane proteins are clearly somewhat arbitrary. The rather fuzzy nature of the boundaries involved leads one to wonder whether a measure which sums polar and hydrophobic components into a single total might not occasionally mislead. Indeed, there are difficulties when attempting to assign function to segments that lie near the surface-seeking boundary (Phoenix and Harris, 1995) . It must be concluded that the use of hydrophobicity or the hydrophobic moment alone does not fully enable differentiation of the various classes of amphiphilic structure. Brasseur (1991) has recently attempted to expand on the present methodology by looking at the molecular hydrophobic potential of protein segments which provides a three-dimensional graphical summary of hydrophobicity. Although this method assigns a numerical value to the segment of interest, classification is mainly based on the relative locations and size of the hydrophobic and hydrophilic arcs. In addition, the segment is identified using conventional hydrophobic moment methodology and a fixed window size. Problems can, therefore, still arise in identifying weakly membrane-interactive helices. Recently, a novel class of C-terminal anchor has been presented (Gittens et ai, 1994) which is thought to involve the formation of an amphiphilic a helix. Amphiphilic helices have previously been characterized by Segrest et al. (1990) , but these anchors seem to form a separate subclass of amphiphilic helix that has not previously been noted. To date, five potential anchors have been identified (Phoenix, 1993) . When plotted on the hydrophobic moment plot (Figure 1 ), four of these cluster around the surface-active toxin mellitin which is known to form an a helix at the membrane interface (Dempsey, 1990) . It can be seen from Figure 1 that one of the four data points lies near the boundary, making surface-active classification difficult. The fifth point not only lies near the boundary, but is separate from the cluster formed by the other data points. Recently, a means of statistically testing the significance of the hydrophobic moment with respect to both the residues present and the spatial organization of the residues has been developed (Pewsey et ai, 1996) . This method indicated that the point removed from the cluster (Figure 1 ) was statistically significant with respect to its amphiphilicity as measured by the hydrophobic moment. The point contained in the cluster, yet near the boundary, was not significant in any test using the hydrophobic moment as the measure of amphiphilicity. When drawn on a helical wheel, the inverse prediction would be expected with respect to membrane interaction, again indicating the inability of the hydrophobic moment to identify clearly some potentially membrane-interactive structures.
One of the problems of analysing sequences using these conventional methods is that the window size is fixed for any given analysis and there is a certain arbitrariness in the size of window chosen; for example, algorithms presently use values ranging from windows of 11 residues to 21 residues. This in itself prevents optimization and, therefore, in some cases clear identification of membrane-interactive sequences. In order to provide further clarification of potential amphiphilic anchors and other membrane-interactive structures, we propose an extension to the window searching mechanism to allow a variable window size; we also propose a new measure of the affinity of the putative helix for the membrane interior based on the total hydrophobicity inserted, and the insertion depths of the various residues. We call this a depthweighted inserted hydrophobicity measure (DWIH). Here we describe the algorithm and use it to analyse the potential C-terminal anchor regions listed in Table I . We intend this measure to help clarify the surface-active potential of amphiphilic structures, especially those which lie near the boundary of the conventional hydrophobic moment plot (Figure 1 ).
System and methods
Whereas the hydrophobic moment combines polar and hydrophobic residues into a single measure by assigning them different signs, the DWIH measure treats polar residues as constraints, rather than negative hydrophobicity values. The algorithm considers the ability of a three-dimensional idealized a helix to partition about a hydrophobic/hydrophilic interface whilst enforcing the constraint that no charged or strongly polar residue may penetrate the hydrophobic environment. The algorithm is a heuristic search over different possible window lengths, and different insertion geometries, in order to maximize the sequestration of hydrophobic residues into the hydrophobic environment subject to this constraint ( Figure 2 ). This leads to a measure of the degree of interaction of the helix with the membrane, which might also serve as a measure of anchor strength in cases where the helix anchors the rest of the protein. To some extent, this measure does blur the distinction between surface-seeking and transmembrane proteins, but a simple Helix insertion geometry. The jr-axis is in a plane parallel to the membrane surface. The z-axis is the helix axis and the y-axis is perpendicular to the helix axis (NB not the membrane surface). 6 is the orientation of the helix axis from the membrane surface and 0 is the angle of the window end residue above the x-axis; thus, 0 = 0 means the perpendicular from the helix axis to this residue is in a plane parallel to the membrane surface. The depth of residue inside the membrane can then be computed as follows. Coordinates of residue n are: x n = rcos(nf>+ <j>)\ y n = rsin(n5+ <t>); z n = nAz. Depth D n of residue n is:
mean hydrophobicity can be used as a distinguishing guide here (Kyte and Doolittle, 1982) . The algorithm is intended primarily to provide clarification in cases lying close to the surface-seeking/globular boundary, or in the negative mean hydrophobicity region of the hydrophobic moment plot, as the extrapolation of the surface boundary line into this region seems somewhat dubious.
Unlike the hydrophobic moment calculation and the helical wheel diagrams, which use two-dimensional representations of a three-dimensional object, our algorithm assumes a three-dimensional a helix, whose angle of insertion into the membrane can vary. Our software also displays side and head-on plane views of the final optimized geometry. In this model, the membrane boundary is treated as a simple polar/apolar interface and the polarity of the individual amino acid residues is assumed to reside at the a-carbon. These assumptions mean that we will to some extent be underestimating the level of membrane interaction possible (Von Heijne and Bloomberg, 1979) , but the method appears to give a good indication of potentially membrane-interactive protein segments.
Monte Carlo significance tests
Having identified a putative membrane-interactive protein sequence, standard Monte Carlo methods (Manly, 1991) are used to approximate the distribution of the DWIH measure for a random helix of the same length as the region identified, under the assumption of uniform sampling of all 20 amino acids (Pewsey et ai, 1996) . Of course, in reality, residues are not uniformly sampled, but the uniformly sampled DWIH distribution gives an a priori indication of how large the measured value is. A distribution based on the few sequences available could be detrimental to the identification of amphiphilic helices containing other amino acids, but the GeneBank distribution was not suitable due to the biased selection used in the production of amphiphilic structures. The DWIH measure of an amphiphilic helix would be expected to occur in the upper tail of the DWIH distribution under uniform selection. This DWIH distribution was estimated for window lengths over the range 7-30 residues, using 1000 simulations. The significance of the DWIH measure observed for the putative membrane-interactive domain was then established by comparison with the appropriate distribution. We also allow the user to calculate a similar probability by comparing the putative surfaceactive region's DWIH measure to the DWIH distribution of random permutations of itself. As this distribution is conditional on the actual residues present, this is calculated on-line and so, in fact, a two-dimensional helical wheel approximation is used to give a reasonable response time for 200 simulations. Permutation testing gives an indication as to the importance of the spatial arrangement of the residues, whereas the uniform test does not distinguish between this and the importance of the residues present.
Membrane-anchored proteins analysed
The algorithm has been run on three Escherichia coli penicillin binding proteins (PBP4, PBP5 and PBP6), two further prokaryotic carboxypeptidases (one from B.subtilis and the other from B.stearothermophilus) and the surfaceactive toxin mellitin. PBP5 and PBP6 have recently been shown to anchor via a C-terminal helix (Gittins et al, 1994) ; however, the mechanism by which PBP4 anchors to the membrane is still open to debate with conventional theoretical analysis indicating that it is significantly surface active (Phoenix, 1993) yet biochemical tests indicating that the method of membrane interaction is not totally comparable to that of PBP5 and PBP6 (Harris and Phoenix, 1995) . The two remaining carboxypeptidases are thought to anchor via their C-termini and are found within Bacillus stearothermophilus and Bacillus subtilis (Waxman and Strominger, 1981) . Mellitin is a toxin well known to form an amphiphilic helix at the membrane interface (Dempsey, 1990) . The positions of the potentially membrane-interactive regions are shown on a hydrophobic moment plot (Figure 1 ) and the sequences of interest are shown in Table I .
Hydrophobicity scale used
The normalized consensus scale of Eisenberg has previously been used for analysing surface-active structures and has, therefore, been used throughout with similar consideration of polar and hydrophobic residues (Eisenberg et al, 1982b) . Residues considered hydrophobic are alanine, methionine, tryptophan, leucine, valine, phenylalanine and isoleucine. Residues considered polar are arginine, lysine, aspartic acid, glutamine, asparagine, glutamic acid and histidine. Thus, serine through to glycine on Eisenberg's consensus scale are viewed as neutral.
Algorithm
The search over windows and insertion geometries proceeds according to the following stages.
Stage 1-Perform initial scan to locate possible amphiphilic sections
An initial scan along the full protein length is performed using a standard 11-residue window to locate plausible starting solutions. The co-ordinates of the window on Table I . Constituent amino acid sequences of the C-termini of the proteins under investigation plus the amino acid sequence of melittin. The 11-residue fragments having the largest hydrophobic moment, (ji H ), are underlined and the mean hydrophobicity (H) of this window is given Eisenberg's hydrophobic moment plot are used to determine whether the window could plausibly form an amphiphilic helix. However, as this is only to provide a set of starting solutions, some false positives may be included as the hydrophobic moment threshold used is lower than Eisenberg's surface/globular boundary line, and thus includes some of the globular domain. We use a boundary whose hydrophobic moment intercept is decreased by 0.1 from Eisenberg's line. This is the line (ix H ) = 0.603-0.392(#); where /x H represents the hydrophobic moment and H the mean hydrophobicity, both of the window under investigation.
Stage 2-Maximize total hydrophobicity inserted
This initial scan produces a set of potential starting windows for our search algorithm, and these are ordered in sequence of their perpendicular distance above the surface boundary line on the hydrophobic moment plot. If the hydrophobic moment is less than that on the line, then a negative value is assigned to this distance. Commencing from the window with the greatest such distance, the algorithm attempts to expand and contract this window locally so as to maximize the total hydrophobicity which can partition along a hydrophobic interface, assuming an a helix of standard dimensions (Figure 2) . A key concept is that this is subject to the constraint on polar residues not being able to insert. The search over possible geometries is explained further below. The search algorithm performs a local optimization. From the current window, four neighbouring windows are examined, and if a better one is located then the best is taken as the new solution for the next iteration. If all neighbours are worse, then the search terminates. If there are none better, but at least one gives the same hydrophobicity insertion, then the longest such is taken, with ties broken according to the direction of previous best improvement. A maximum window size of 30 residues is imposed, and a minimum of seven residues, these being sensible bounds on the physical size of the amphiphilic helices expected. The four neighbouring windows are located in terms of the nearest hydrophobic residues to the end of the current window, namely: 'Expand' and 'reduce' here refer to moving the window ends to the next nearest hydrophobic residue. Also, a list is maintained of windows already visited and these are not re-examined. For example, one of the reducing moves above is typically a return to the previous solution, but this one is ignored. Neighbours are only examined if the next hydrophobic residue is at most four residues away from the current end of the window (approximately one turn of a helix). In the case where the latest change has not altered the total hydrophobicity inserted, expansion is only continued as long as the trial window size lies within four residues of the first window located with that total. The search terminates when either: (i) a local maximum is reached; (ii) the solution has been constant for four iterations (the original solution at this value is then returned to); (iii) there are no neighbours to examine; (iv) the minimum (currently 7) or maximum (currently 30) window size is reached.
Stage 3-Optimize DWIH measure
Having terminated the window search to maximize the total hydrophobicity inserted, a final insertion geometry scan is performed to optimize the DWIH measure used for membrane affinity. At this stage, a single backtrack reduction of either end of the window is permitted. The DWIH measure is a weighted sum over the hydrophobic residues present, with a sigmoid weighting function applied to their insertion depths. Structures whose sequences have separate hydrophobic and hydrophilic faces will typically be able to insert to a greater depth than structures with no pattern, and will thus achieve a higher measure. The sigmoid function is offset to be close to zero at zero depth and then asymptotes (with a configurable rate factor) to one at large depth.
The measure is thus:
DWIH =
where H is the set of residue numbers of inserted hydrophobic amino acids, //,• is the hydrophobicity of residue i, and d t is its insertion depth (angstroms). D is a constant offset chosen so that the typical insertion depth achievable by a random structure will have its measure heavily damped, and k is a scaling constant chosen so that the sigmoid function has asymptoted to around 0.9 shortly after one helix radius. Clearly, there is some arbitrariness in the precise form of the weighting function, and the values used for k and D. However, the general form of the function seems physically sensible, and our preliminary results indicate that this measure is capable of locating amphiphilic structures. Current values used for k and D are 1.5 and 1.15. The value for D corresponds to half the radius of an idealized helix measured in angstroms, so the first 30° of arc from a central hydrophobic/hydrophilic boundary would be in the convex region of the function. The remaining centrally hydrophobic region of 120° of arc would lie above 0.5 weighting in the concave region of the function. The use of this weighting strengthens the value for those sequences which are hydrophobic and inserted compared to those that are hydrophobic and lie at the interface, thus giving a better measure of the strength of membrane binding. Fig. 3 . Distribution of the DWIH for a uniformly sampled 18-residue window. This is derived from 1000 Monte Carlo simulations, in which each amino acid has a uniform probability of selection.
Stage 4-Display results and tidy up
The measure and window details are output to file, then any of the original starting windows which overlap the current solution by more than five residues are deleted. The geometry and measure computed are graphically displayed to the user, along with the statistical significance level of the measure under uniform sampling. If further potential windows still remain in the list, then the one with the highest score is used as the starting solution for a new search (i.e. return to Stage 2), consequent upon the user pressing the Continue button displayed. The user may also choose to click on a button labelled Permute, whereupon the randomization distribution of the DWIH measure is approximated by Monte Carlo methods, and an estimate of the significance level of the DWIH measure of the window is displayed with respect to random permutations.
Geometry scan
The insertion geometry is illustrated in Figure 2 . The extension of residues in space is ignored and they are treated as points on a standard a helix. For the current window, the geometry scan proceeds by looping over a sequence of increasing possible depths, d, up to a maximum of 1.5 helix diameters. Depth here means the depth of the helix axis at the end residue. The algorithm estimates a lower bound on insertion depth by assuming that the helix axis is parallel to the surface, and is rotated so that the direction of the hydrophobic moment vector is perpendicular to the surface. The depth attainable before the first polar residue reaches the surface is then straightforward to compute. This lower bound is used as a starting solution, after which the depth is incremented at a constant step size of 0.2 A. The algorithm searches for the possible insertion angles and helix orientations that maximize the number of hydrophobic residues inserted, whilst maintaining the constraint that no strongly polar or charged residue may penetrate the membrane. The possible geometries are explored by stepping through two angles. The outer loop tilts the helix axis angle, 8, from 0°( parallel to the membrane surface) to 20° at a step size of 1°, whilst an inner loop rotates the helix about its axis (azimuth angle <j>), with an azimuth angle step size of 10°. The insertion end is considered to be that for which the window has just been extended, and both ends are considered in the special case of the starting window. For a given value of (d, 6, <f>) , each residue can then be checked to see whether it is in the membrane or not (Figure 2 ). If it is, then a test is conducted as to whether it is hydrophobic, polar or neutral. If it is neutral, it is ignored; if it is hydrophobic, it is counted towards the total hydrophobicity inserted; if it is polar, then the geometry is regarded as infeasible. Infeasible geometries tend to occur more frequently as d is increased. There are some additional checks to see whether a polar residue can ever be outside the membrane for any <t>, in order to avoid wasting too much time. There are also some basic checks on the two neighbouring residues of the current window. It is not assumed that the whole sequence is in helical form, but there is clearly some constraint on how deep the end residue of the putative helical segment can penetrate if it has a polar neighbour. A standard inter-residue distance is assumed; the most favourable configuration is assumed from the point of view of any polar neighbour being placed outside; i.e. after the end of the helix, the protein backbone turns as rapidly as possible to point vertically to the membrane surface; however, a minimum radius of curvature is assumed of 1.5 A. The model here is clearly crude, but at least serves to exclude the more manifestly infeasible geometries. If the inter-residue distance is insufficient to allow the neighbouring charge to leave the membrane, then once again the geometry is excluded. The same algorithm is used to optimize the DWIH. When calculating the randomization distribution of the DWIH measure under permutations of the ideal window, the algorithm reverts to a two-dimensional approximation. The maximum penetration depth for a given orientation of the helical wheel (i.e. effectively the value of the azimuth angle <j>) can then be easily calculated as -rcos (7), where 7 is the minimal angular separation of any polar residue from this orientation (assumed perpendicular to the membrane surface), y is calculated by looping over all polar residues present, computing their angular separation from this orientation in the range (-180,180) , and locating the minimal absolute value of this angle over the loop. Thus, in terms of the checking of the many possible geometries, only the inner loop around the azimuth angle </ > is needed.
Implementation
The software has been written in Visual C++ (Vs 1.5) and runs under Microsoft Windows, version 3.1. The algorithm which forms the core of the program is available as a C++ object, but potential users of other operating systems should note that some use is made of collection objects, such as extensible pointer arrays provided by the Microsoft Foundation Class Library (MFC). Protein sequences are provided as ASCII files of one-letter amino acid codes in upper case. These files are relatively free format in that any text which is not a valid code is excluded, so lower-case comments and non-alphabetic characters can be present. Input files are selected through a standard Multi-Document Windows dialogue. The final insertion geometry is displayed to the user using two plane projections, both perpendicular to the membrane surface; one ('side-on') contains the helix axis and the other ('end-on') is perpendicular to the side-on plane. The latter is equivalent to a conventional helical wheel if the protein inserts at 8 = 0°. Several protein windows can be simultaneously displayed for comparison. The displays are colour coded with hydrophobic residues in blue, polar in red and neutral in green. Graphics are drawn using MFC objects, and can be printed to any printer which can provide a suitable device context to Windows and saved for future comparisons.
The search algorithm takes around 20-40 s to run from a single starting window, executing on a 486 PC. A protein of length around 300 residues might typically be found to have around five such starting solutions. Figure 3 shows the distribution of the DWIH measure for a window size of 18 residues, using uniform sampling of residues, whilst Table II gives the DWIH values for the amphiphilic anchors examined and their estimated significance levels compared to both uniform sampling and also random permutations. Apart from PBP4, all of the sequences have their measures lying beyond the 1% point of the relevant distribution with mellitin and B.subtilis at 0.1%. Excluding PBP4, the significance levels of the DWIH measure compared to that obtainable under random permutations generally indicate that the ordering of the residues is important. The exception to this, however, is B. stearothermophilus for which there is a 14% chance under random permutation of obtaining a value for the DWIH measure which is at least as large as that of the putative region under investigation. This indicates that in this case it is the constituent residues that are of primary importance, rather than their ordering. This corresponds to its borderline placement on the surface/globular boundary of the hydrophobic moment plot. Nevertheless, its relatively high DWIH measure would still lead us to predict that it has the potential to form a membrane-interactive a helix. Indeed, it is in precisely such borderline cases that our new algorithm can complement and enhance the existing hydrophobic moment methodology. Our results have also had some recent confirmation, in that the algorithm successfully detected the anchor regions of PBP5 and PBP6 as having the optimal DWIH for these proteins. Just such spliced subsequences have recently been shown by circular dichroism to form helices and the level of helix formation is enhanced by the presence of a polar/apolar interface in the form of a detergent solution (unpublished data).
Discussion
PBP4 has a substantially lower mean hydrophobicity than the other windows, as may be observed by its placement well to the left of the other data points on the hydrophobic moment plot (Figure 1) . Its anchoring mechanism remains somewhat obscure (Phoenix and Harris, 1995) . PBP4 illustrates the difficulty in interpreting the hydrophobic moment since here the large hydrophobic moment is primarily due to a few amino acids with large but opposing hydrophobicities masking the overall nature of the structure. Indeed, the hydrophobic arc is limited and a helical wheel would indicate that its binding potential is marginal, as it would appear to be able to embed at most four hydrophobic residues into a bilayer. Hence, using the DWIH measure, we would predict that PBP4 is not anchored via the same mechanism as PBP5 and PBP6, contrary to evidence previously provided by conventional analysis (Phoenix, 1993) . This agrees with biochemical studies which indicate that the main contribution to PBP4 membrane interaction is electrostatic in nature (Phoenix and Harris, in preparation) , whilst that for PBP5 and PBP6 is hydrophobic in nature (Gittensefa/., 1994).
Significance levels were also derived for data points on Eisenberg's hydrophobic moment plot via Monte Carlo methods. The perpendicular distance of the point from the surface/globular interface line was used to indicate surface activity. A fixed 11-residue window was used and 10000 simulations performed using Uniform sampling from all 20 amino acids. Apart from PBP4, our algorithm's significance levels are generally favourable in comparison. Furthermore, the significance of the hydrophobic moment position on the plot was compared to random permutations of the 11 residues in the window. The values for PBP5 and PBP6 are similar to those for the hydrophobic moment, whilst the significance levels for mellitin and B.subtilis are substantially enhanced. Those for B.stearothermophilus are comparably insignificant for the DWIH and hydrophobic moment. PBP4 is shown to have no membrane-interactive structure using the DWIH as a measure of membrane interaction potential, which is contrary to that seen with the hydrophobic moment.
We do not propose a strict classification cut-off value for the DWIH, but suggest instead that its significance level against both uniform sampling and random permutations should be used as a further guide in the characterization of anchors, particularly for sequences such as B. stearothermophilus that seem marginal on a hydrophobic moment plot. By deriving statistical significance levels, we have provided further guidance in such cases. Of course, the fact that a subsequence had a DWIH value that appeared insignificant would not necessarily mean that it was not in fact capable of being a membrane interaction anchor; it is just that this model and associated measure would not strongly indicate that its binding potential was greater than might be expected through uniform sampling of amino acids, or random permutations as the case might be. Our algorithm can also be viewed as a window optimizer that identifies a plausible membraneinteractive segment with a less arbitrary fixing of the window size than existing methods. Additional methods could then be used to analyse the identified window, such as Brasseur's (1991) three-dimensional plots of hydrophobic potential.
